Summary Two open, phase 11 studies were performed to evaluate the activity and toxicity of infusional topotecan in patients with advanced non-small-cell lung carcinoma (NSCLC) and advanced breast cancer who had not received previous chemotherapy for metastatic disease. Twenty-five patients with an ECOG performance score < 2 were treated with infusional topotecan administered as a daily, continuous intravenous infusion starting at 0.6 mg m-2 day-' (NSCLC) and 0.5 mg m-2 day-1 (breast cancer) for 21 days every 4 weeks. Three patients achieved a partial response as defined by WHO criteria: one with NSCLC (8%; 95% Cl 0-39%) and two with advanced breast cancer (15%; 95% Cl 2-45%). The major toxicities were neutropenia and thrombocytopenia, with one episode of neutropenic sepsis. These data suggest that topotecan delivered as a continuous intravenous infusion over 21 days as single-agent therapy does not appear to offer a clinical advantage over conventional 5-day schedules against advanced NSCLC and advanced breast cancer.
In advanced non-small-cell lung cancer (NSCLC), few conventional chemotherapeutic agents have single-agent activity in excess of 15% (Lilenbaum and Green, 1993) . In selected patients, current combination chemotherapy regimens yield response rates of up to 40%, survival benefit is modest (Hopwood et al, 1995) and symptom control can be achieved in over 50% (Ellis et al, 1995) . First-line chemotherapy regimens for metastatic breast cancer extend median survival by 9-12 months. Second-line chemotherapy regimens have an objective response of 25-50% with a median time to progression of 4-6 months. In both tissue types, more effective new agents are needed.
Topotecan is a semisynthetic, water-soluble analogue of camptothecin and acts by inhibiting the function of topoisomerase I, an essential enzyme involved in maintaining DNA structure . Active clinical research is under way, aimed at defining the role that topotecan may have to play in the management of ovarian, lung and breast cancer, whether as a single agent or in combination with established chemotherapy regimens (Lynch, 1996) . The mechanism of action of topotecan suggests a theoretical advantage for delivery as a continuous infusion. With 24-h exposure, schedule-dependent cytotoxicity for topotecan was reported with a steep concentration-response curve and no plateau (Cheng et al, 1994) . Clinical studies have investigated topotecan delivered as a continuous infusion over various time schedules (Lynch, 1996) . In studies investigating 30-min intravenous infusions, topotecan was given daily for 5 consecutive days every 3 weeks to patients with advanced solid malignancies at doses ranging from 0.5 to 2.5 mg m-2 day-'. Neutropenia was the doselimiting toxicity, and 1.5 mg m-2 was the recommended starting dose of topotecan for pretreated patients, with potential escalation to 2.0 mg m-2. Responses were observed in patients with small-cell lung carcinoma, non-small-cell lung carcinoma, pancreatic cancer and platinum-refractory ovarian carcinoma (Eckardt et al, 1992; Rowinsky et al, 1992; Saltz et al, 1993; Verweij et al, 1993) . A phase I trial of low-dose continuous infusional topotecan in heavily pretreated patients reported objective responses with ovarian cancer, breast cancer and non-small-cell lung cancer. The dose-limiting toxicity was myelosuppression, with thrombocytopenia greater than neutropenia, seen at a dose level of 0.70 mg mi-2 day-' administered as a continuous 21-day infusion every 28 days (Hochster et al, 1994) . Of 21 platinum-pretreated ovarian cancer patients receiving continuous 21-day infusional topotecan at a starting dose of 0.4 mg in-2 day-', nine patients responded (43%), including one complete responder (5%). Seven patients (33%) had grade 3 leucopenia and one patient (5%) grade 3 thrombocytopenia (Hochster et al, 1996) . We 
MATERIALS AND METHODS Patients
Patients presenting to the Royal Marsden Hospital and St Bartholomew's Hospital from March 1994 to March 1995 were entered into the study if they fulfilled the following criteria: histological or cytological diagnosis of malignancy; measurable or evaluable stage I1IB/IV NSCLC or stage IV breast adenocarcinoma; performance status < 2 (ECOG-WHO scale); full blood count and biochemistry as follows: haemoglobin3 9.0 g dl-1 (after transfusion if needed); WBC 3.5 x 109 mm-3; granulocytes 1.5 x 109 mm-3; platelets 100 x 10-3 mm-3, creatinine 130 ,umol 1-1; serum bilirubin 35 imol 1-1; AST, ALT and alkaline phosphatase twice the upper limit of normal if liver metastases were absent by abdominal computerized tomography (CT) or MRI scan or five times the upper limit of normal if liver metastases were present and life expectancy 3 months.
Patients were excluded if they had a significant history of intercurrent disease, previous malignancy, CNS metastases or previous chemotherapy. Patients with breast cancer were permitted exposure to radiotherapy for bony metastases if the study indicator lesions were outside the radiotherapy field. All patients provided signed, informed consent and the study was approved by the institutional ethics committees.
Treatment
Patients commenced topotecan for advanced NSCLC at 0.6 mg m-2 day-' and for advanced breast cancer at 0.5 mg m-2 day-' administered by continuous intravenous infusion for 21 days every 4 weeks. In the phase I study of heavily pretreated patients, the maximum tolerated dose was 0.53 mg m-2 day-' (Hochster et al, 1994) . The starting dose of topotecan in the patients with advanced breast cancer was lower than that of the lung cancer patients because of previous exposure to marrow toxic treatments combined with the expected haematological toxicity of topotecan therapy. In July 1994, a dose adjustment was made for all patients, reducing the starting dose by 0.1 mg m-2 day-' because of prolonged myelosuppression noted in other patient groups receiving topotecan and affecting the first three NSCLC and seven breast cancer patients. Haematological growth factors were not used in this study. Patients were assessed for response after two cycles of therapy and in the absence of severe toxicity and in the setting of at least stable disease they could receive further treatment to a maximum of six cycles.
Response assessment, toxicity and dose modifications Response assessment was according to standard WHO criteria (Miller et al, 1981) . Toxicity was assessed by standard CTC criteria (National Cancer Institute, 1981) . Duration of response and survival were calculated from date of randomization until date of relapse or censor. Full blood counts were performed on days 8, 15 and 22 and serum chemistry performed on days 8 and 22 of each treatment cycle. Topotecan therapy was stopped immediately if patients experienced any grade 4 symptom toxicity and the dose of the next course was reduced by 0.1 mg m-2 day-' if patients experienced grade 4 neutropenia during the course or grade 2 thrombocytopenia lasting beyond day 28 of the treatment course. The minimum infusional dose was two dose level reductions; at that stage the patient was withdrawn from study. The topotecan dose was increased by 0.1 mg m-2 day-' if during the previous course no toxicity greater than grade 2 and no dose delay was experienced.
Statistics
Interim analysis was planned at the first stage using Gehan's method for phase II trials (Gehan, 1961) . dosing was modified according to toxicity, principally haematological. Seven patients with advanced NSCLC had a total of 11 increments in topotecan dose, six patients had dose reductions according to protocol, with ten delays in treatment. Two patients with advanced breast cancer had two increments in topotecan dose, four patients had a total of five dose reductions with 12 delays in treatment and one patient stopping therapy because of neutropenic sepsis. No patients experienced significant renal dysfunction or hepatic dysfunction and there were no deaths on treatment. (76) 3 ( 
DISCUSSION
The aim of this phase II study was to test the hypothesis that infusional topotecan might have activity superior to conventional dose scheduling based on its mode of action. When the trial was started, minimum response rates of 20% in advanced NSCLC and 30% in advanced breast cancer were determined to be of clinical interest in these patient populations. The studies had initially aimed to accrue a minimum of 9 and 14 patients respectively, and in the absence of serious adverse events, patient accrual would be determined by the number of responding patients. During the course of this trial further data emerged, as described below, suggesting that conventional-schedule topotecan might have greater activity than early studies had suggested. As these results emerged, it became clear to us that our own data were entirely failing to support the hypothesis of increased activity for infusional topotecan. This factor, coupled with the relative complexity of delivering ambulatory therapy and the potential complications of such treatment, led us to terminate this study early based on clinical grounds and both trials were therefore discontinued after 12 and 13 patients in the lung and breast cancer studies respectively. Lynch and colleagues (1994) evaluated topotecan in 20 previously untreated patients with metastatic NSCLC at the dose of 2 mg m-2 day-I given intravenously for 5 days every 3 weeks. No clinical responses were seen and patient accrual was halted. Eleven patients (55%) had stable disease and nine (45%) had progressive disease when treated with topotecan. Toxicity included neutropenia and rash. The median survival duration for all patients was 7.6 months.
In contrast, more encouraging results have emerged from other groups investigating topotecan using a 5-day schedule. Perez- Soler and colleagues (1996) have reported six partial responses out of 40 assessable (48 registered) patients with advanced NSCLC treated with topotecan administered as a 30-min i.v. infusion for S consecutive days at a dose of 1.5 mg m-2 day-'. The authors report five partial responses in 14 patients (36%) with squamous cell carcinoma and one partial response in 26 patients with other histologies (4%) (P = 0.014). The overall median survival was 38 weeks. Grade 3-4 neutropenia and thrombocytopenia occurred in 76% and 10% of courses, respectively, and seven episodes of febrile neutropenia were recorded from a total of 184 courses of topotecan administered. This group discusses the possibility that the higher number of patients with squamous-cell histology may have influenced the difference in response rates reported in their study and that of Lynch and colleagues (1994) . In addition the higher incidence of grade-3-4 marrow suppression may reflect a higher dose intensity that could have influenced response rates (Perez-Soler et al, 1996) . Weitz and colleagues (1995) have reported in abstract form a study of 78 patients with advanced NSCLC randomized to receive either topotecan administered as a 30-min i.v. infusion on 5 consecutive days every 3 weeks at a dose of 1.5 mg m-2 day-I (arm A) or as a continuous infusion over 3 days every 4 weeks at a dose of 1.3 mg m-2 day-' (arm B). Five partial responses were reported in 38 patients in arm A (13%) and two partial responses in 37 evaluable patients, from a total of 40, in arm B (5%). The median time to progression was 106 days for arm A patients and 63 days for arm B patients with a median overall survival time of 252 days for arm A patients and 179 days for arm B patients. There were no differences between squamous-cell histology and other histologies. Two cases of grade 3 malaise occurred in both arms of the study and one case of grade 4 vomiting in arm A (Weitz et al, 1995) .
Chang and colleagues (1995) treated 16 patients of good performance status and with measurable, metastatic breast cancer with topotecan 1.5 mg m-2 day-' x 5 every 3 weeks. Five partial responses, one minor response and three patients with stable disease were reported in 14 eligible patients. Eight patients suffered from grade 3-4 neutropenia and one patient died from sepsis.
In conclusion, infusional topotecan is well tolerated with a relatively low incidence of serious toxicities but with significant bone marrow suppression. This infusional approach appears, however, not to offer significant clinical advantage when compared with other schedules of topotecan delivery.
